This paper describes our new simulation-based platform for the customer co-design of products and service. This platform is based on the concept model that builds integrated digital models from the real world and analyzes from the simulation results. It explores and maximizes customer value using machine learning algorithms. The platform consists of a workflow constructor and a GUI builder with reusable nodes and templates. An example is given in the oil & gas filed. The customer co-design GUI is built in 5 minutes and can be used to assess the business feasibility of the oil & gas devices.
Introduction
One recent trend in the modern manufacturing industry is the transition from product-centred view of markets to a service-led model. Lusch and Vargo (2013) describe this transition as from goods-dominant (G-D) logic to service-dominant (S-D) logic. One of the most important rules in service-dominant logic is that value is not created by the manufacturers alone, but co-created with customers. In other words, value is mutually and equally created by the manufacturers and the customers during the interaction process (Lusch and Vargo, 2013) . Many companies have adopted the customer co-creation concept. For example, Hitachi, Ltd., one of the biggest manufacturers in Japan, has established a global centre for social innovation, which aims to deliver innovations by collaborating with customers and stakeholders (Funaki, 2017) . In the service-dominant logic, knowledge and skills are viewed as "operant resources" (Lusch and Vargo, 2013) . It is pointed out that design is a very effective "operant resource" that can help companies in making attractive values through effective customer co-creation (Gemser, 2016) . In this paper, we focus on the product and service design process in the manufacturing industry, especially in the B2B (Business to Business) industry. In the manufacturing industry, computer simulation has long been an effective methodology for product design by shortening the design period and reducing prototyping cost. However, to the best of our knowledge, there are few digital aid tools for customer co-creation. One of such studies is in the KBE (Knowledge-Based Engineering) field. According to the review of Reddy et al. (2015) , web-based approach towards KBE has gained much attention in the recent years. Web-based integrated product design platform has been developed for considering customer needs in the early phase of product development. QFD (Quality Function Deployment) is another popular methodology that can be used to link the customer requirements with product design. In the QFD approach, customer requirements are linked to the products' design features, so that the designers can consider customer requirements in the early design phase. For example, Lin et al. (2006) develops a procedure to effectively link the customer requirements with design characteristics for product design. An analytic hierarchy process is adapted to evaluate the importance of customer requirements. However, the above-mentioned research is only partially effective for customer co-design. In the webbased KBE systems, web is used as a media for visualizing design models and receiving customer requirements. Therefore, there is a time lag between customer desire and product design. Meanwhile, QFD is a tool for the company designers, making it difficult for realizing customer co-design in which feedback from customers is a key feature. There were also studies that apply QFD matrices to product customization by combining them with knowledge-based systems (Kutschenreiter-Praszkiewicz, 2013) . Wang and Chen (2012) tried to use QFD for collaborative product design by adopting fuzzy algorithms and linear integer programming. There were also many studies focusing on processing customer review data for better product and system design (Kim, 2015) . It is worth mentioning that most of those studies focused on the B2C (Business to Consumer) business models and assumed end-users as "customers". Recently, the advances in the digital technologies, especially in the fields of AI (Artificial Intelligence), IoT (Internet of Things), cloud computing and big data, have had a profound impact on manufacturing. One of the most important influences is that customer-related data, as well as other various data, are being integrated into "big data" and are being utilized in the optimization of the lifecycle of products and services (Tao et al., 2018) . In this study, we take advantage of the state-of-the-art digital technologies and apply them in developing an integrated customer co-design platform. Our aim is to develop a digital environment that is optimized for customer co-design, especially for the B2B business. It uses computer simulation to evaluate the performance of a product or service. It builds customized GUI that is suitable for customer co-design. It also uses AI to create design plans that satisfy the customer's requirement.
Customer co-design platform using simulation and AI
In this chapter, we describe the concept, system architecture and contents of our proposed customer codesign platform. Figure 1 describes the concept of the proposed simulation-based customer co-design platform. It consists of three layers, i.e., the physical layer, the cyber layer, and the value layer. The physical layer contains data of the products, systems, and services that exist in the real world. It also includes public data in all media. The cyber layer is a mapping of the physical layer. It includes simulation of the products, systems, and services. It also includes models based on hypotheses and models of social phenomena. The value layer is the ultimate goal of the customers, which includes KPIs (Key Performance Indices) such as safety, profit, assurance … etc. Our goal is to maximize customer value in an efficient way. To realize this goal, we have categorized three methodologies, i.e., synchronization, integration, and customization. The first methodology is "synchronization", which connects the physical layer and the cyber layer. It uses sensor and/or experimental data of the physical world to increase the speed and accuracy of simulation. It is a high-speed, high-precision mapping of the physical world to the cyber space. The key technology we adopted in synchronization is the data assimilation (Evensen, 2009) . Data assimilation has its application mainly in weather prediction and it is considered as a frontier branch of atmospheric and oceanic sciences (Miyoshi et al., 2014) . Recently, some researchers began to expand its usage to industrial simulation. For example, Kusano et al. (2016) have used data assimilation to estimate the uncertain parameters in the engine room of a hydraulic excavator. The second methodology is "integration", which is an integrated cross-domain modelling and simulation technology in the cyber layer. To predict the outcome of a system, it is necessary to simulate the behaviour of all the key products and services within the system. Traditional simulation is too timeconsuming to achieve this goal. We have developed a multi-fidelity total integrated simulation technology, which allows the users to freely control the fidelity of each component model. For example, Oh et al. (2017) have used the technology on a high pressure pump system. The third methodology is "customization", which links the cyber layer and the value layer. With the help of a modern supercomputer, the cyber layer is able to produce a huge database of simulation results. Optimization is necessary to explore the simulation database and obtain best solutions for the customers. However, traditional optimization technology such as GA (Genetic Algorithm) requires tremendous number of simulations and is usually time-consuming, making it unsuitable for interactive co-design. To solve this problem, we adopted DNN (Deep Neural Network) which is a fast machine learning algorithm (Hinton and Salakhutdinov, 2006) to explore the simulation results database and predict models that maximize customer value.
Concept

Figure 1. Conceptual model of the customer co-design platform
We are developing a methodology to apply DNN to product/service design problems (Kataoka et al., 2016) . In the traditional method, design plans are obtained as a result of "forward problem". The designer uses design tools to calculate the performance of candidate design plans and compare the performance with customer specification. It is usually a trial-and-error process until the customer specification is satisfied. In the proposed method, we tackle the design problem as a "reverse problem". We first construct a database of specifications and design plans. Then we use the database as training data for the DNN model and construct the relationship between specifications and design plans. We then use DNN again to predict the design plan once customer specification is received. In this way, the design plans can be shown to the user in a very short time, making it possible for the customer to give feedback to the designer on the spot. We call this process "interactive customer co-creation".
System architecture
The system architecture of the customer co-design platform is shown in Figure 2 . It is based on serverclient system. The client machine contains workflow constructor which defines calculation procedure, and a dashboard builder for constructing the GUI. The GUI is linked to the workflow and displays the results of the workflow calculation. The server machine contains programs that manage the workflow and corresponding database. The calculation procedure is defined in the client machine and executed in the server machine. For time-consuming programs such as heavy simulation and machine learning, there is an option to execute them in a supercomputer other than the server machine. The calculation results are saved as database in the server side and can be visualized during customer co-creation. This system architecture enables the users to use the system anywhere as well as provide data security. 
Workflow constructor
The workflow constructor is used to build customized calculation procedures and execute the calculation automatically. Construction of calculation procedures is usually a tedious and time consuming work. In this research, we have built a workflow constructor that can easily perform parameter survey or construct machine learning procedures. It is based on the KNIME open-source analysis software developed at the University of Konstanz. As shown in Figure 3 , analysis models or programs are defined as nodes. These nodes are registered to KNIME and have a common interface and thus can be easily reused. Users can build customized workflows by simply drag & drop the predefined nodes and connect them. The defined workflows are then saved in the server. Furthermore, we have prepared templates for the frequently used workflows such as parameter survey or machine learning, making it even easier to build new workflows.
Figure 3. Image of building calculation workflow from predefined nodes
Dashboard style GUI builder
GUI plays an important role in the customer co-design process. We have developed a dashboard builder that can display the customer input, design plan and simulation results in one screen. Users can easily customize the style and layout of the customer co-design GUI. To achieve this, we have predefined visualization nodes that are commonly used in GUI design. By dragging & dropping the nodes, it is easy to build a GUI that fits the customer's flavour. An image of the dashboard style GUI builder is shown in Figure 4 .
Figure 4. System architecture of customer co-design platform
Customer co-design GUI has three main components: the input area, the execution area, and the output area. The input area is where customers can input their requirements. The execution area will trigger the execution of simulation workflows, which uses the customer requirements as an input. The execution area is linked with the simulation workflows. The output area displays the simulation results, design plans, KPIs, and/or list of design parameters. The built customer co-design GUI is a standalone application that can be executed at any client machine. As described in Section 2.1, design plans are predicted by using DNN and can be delivered to the customer almost real-time. Therefore, the GUI application enables the interactive value co-creation between the customers and the designers.
Use cases of the proposed platform
There are two types of potential users for our proposed platform. The first one is designers who develop product or service systems. The design process essentially translates the customer needs into design parameters, which typically requires numerous trial-and-errors. The workflow constructor can aid the designers to organize the design tools into intuitive workflows. The dashboard builder can help designers to build a graphically rich environment in which designers can perform the trial-and-errors more efficiently. The second one is the sales engineers or sale persons who interact with the customers directly. Sale engineers or sales persons are typically unfamiliar with the design tools and have less knowledge about the design parameters. Some of them are not familiar with engineering tools such as the design constructor or the dashboard builder. A typical use case is that the sale engineers or sale persons will collaborate with the designers. The designers will create the workflows and build the dashboard GUI. The sales persons can then use the dashboard as a demonstration tool to appeal to the customers. Since the customers in the B2B business are well familiar with the products/services, the dashboard can serve as a common environment for the sales person and the customer to explore product/service features and scenarios together, which is exactly the essence of customer co-creation.
Application
We apply the customer co-design platform to oil & gas business feasibility tool. In this application, the targeted customer is NOC (National Oil Company) or IOC (International Oil Company). The main purpose is to design oil & gas devices such as ESPs (Electrical Submersible Pumps) that are used to boost the production of oil/gas. The design of the apparatus depends largely on the properties of the reservoir, the layout of the wellbores… etc. Since those data are fully owned by the customers, it is necessary to co-design the system with customers. Therefore, we build a tool based on the customer codesign platform to evaluate the performance of the devices and the feasibility of those devices in the oil&gas business.
Simulation model
Reservoir simulations are usually based on FEM (Finite Element Method) and are usually timeconsuming. In this research, we have developed a simplified simulation model based on the network method (Bruce, 1943) . The network method uses the analogy between the fluid flows in the reservoir to the electric flow in a circuit network. Figure 5 illustrates the input and output of the oil & gas simulator with the ability to evaluate the effect of ESPs. The input of the simulator is geometry data of the reservoir, calculation conditions, properties of the ESP device, and parameter data of the reservoir, wellbore and fluid. The output of the simulator is the pressure distribution of the reservoir, as well as the oil/gas production rate.
Figure 5. Input and output of the oil & gas simulator
Besides the network-model-based reservoir simulator, we also developed a device simulator that calculated the effect of ESP devices. To evaluate the economic benefit of the devices, we developed a cost simulator which calculates the economic KPIs of the oil/gas field. The economic KPIs include CAPEX (Capital Expenditure), OPEX (Operational Expenditure), NPV (Net Present Value), net profit … etc. Table 1 shows a list of the simulators used in the oil&gas customer co-creation system. 
Workflow and GUI construction
Having developed the simulators, we also developed an in-house GUI application for obtaining customer inputs. The GUI application contains a reservoir and multiple wellbores. It allows the users to set the number and position of the wellbores, as well as editing the properties of the reservoir and oil/gas properties. Oil/gas prices can also be set in the GUI application. Figure 6 shows the workflow and GUI of the customer co-design system for oil&gas. Using the Microsoft Active X technology, we are able to embed the GUI application into the dashboard system. Other dashboard components are built from the visualization nodes. The dashboard components are linked to the corresponding workflows or database in the server. The construction time for the oil&gas customer co-design system is about 5 minutes. Without using the platform, it will typically take several days for a designer to develop such a system. Using the built customer co-design system, sales engineers can interact with the NOC or IOC customers to explore business feasibility by configuring the layout of the wellbores and adjusting the position of the ESP. Simulator will then be executed in the cloud and the results will be fetched to the local PC or tablet. KPIs will immediately be calculated and displayed in the dashboard. The NOC or IOC customers can then judge the usefulness of the ESP devices by looking at the KPIs. The customers can also adjust the input parameters and execute the workflow repeatedly to optimize the scenario. Therefore, this tool can be used for the efficient co-design of ESP between oil/gas companies and the ESP developers. 
Conclusion
This paper gives an overview of our new simulation-based platform for the customer co-design of products and service. This platform is based on the concept model that builds integrated digital models from the real world and construct digital database from the simulation results. It explores and maximizes customer value using machine learning algorithms. The platform consists of a workflow constructor and a GUI builder. Customized calculation workflows and dashboard GUIs can be built easily from predefined nodes. The platform is mainly for the B2B business and it has two types of potential users, one is the product/service designer, the other is the sales engineers or sale persons. An example is given in the oil & gas filed. The customer co-design GUI is built in 5 minutes and can be used to assess the business feasibility of the oil & gas devices.
